Nine elite male junior weightlifters (mean age 17.6 ± 0.3 
Introduction
Optimal training programs are a primary concern for those involved with athletic performance. In the pursuit of improved performance, it is critical to avoid overtraining, which is defined as an increase in training volume and/or training intensity resulting in performance decrements (Barron et al, 1985; van Borselen et al., 1992) . It is common practice in some sports to purposely increase training volume or intensity for short periods as a way to alter the training stress. This phase of training has been termed overreaching (Stone et al., 1991 ; van Borselen et al., 1992) and does not result in long-term performance decrements. It is well lcnown that chronic resistance exercise will result in adaptations of the endocrine system 1988) . The endocrine system has therefore been suggested as a potential indicator of overtraining (Stone et al., 1991) .
In male weightlifters, resting testosterone concentrations are increased following 2 years of training (Hakkinen et al, 1988b ), but not necessarily after only 1 year (Hakkinen et al., 1987) . This indicates that the amount of exposure to training is important in altering the activity of the hypothalamic-pituitarygonadal axis. The changes in resting hormonal concentrations (i.e., testosterone, Cortisol, testosterone/cortisol) of male weightlifters appear to reflect the characteristies of the short-term and long-term training programs (Busso et al., 1992; Hakkinen and Pakarinen, 1991; Hakkinen et al, 1987) . Dramatic increases in resting testosterone concentrations are observed in strength trained subjects as they progress from prepuberty to puberty with large concomitant strength increases (Mero et aL, 1989) , but pubertal weightlifters have not demonstrated further increases in resting testosterone concentrations over 1 year of training (IVIero et al., 1985) . Furthermore, 2 years of training experience with other forms of resistance exercise have not been associated with increased resting testosterone concentrations in adolescent males (Fahey et al., 1976) .
Few investigators have monitored endocrine responses to resistance exercise using exercise-induced (acute) hormonal concentrations (Kraemer, 1988) . Cross-sectional study of adolescent weightlifters has demonstrated increased exercise-induced serum testosterone concentrations after more than 2 years of training 
Materials and Methods
Nine male participants from 2 consecutive years of junior age-group U.S. national weightlifting training camps served as subjects for this investigation (mean ± SE for 1st year: age 17.6 ± 0.3 yrs, height 167.9 ±2.1 cm, body weight 63.9 ± 3.6 kg). Each subject placed first or second both years in drug tested national competition according to his age group and weight class and was subsequently selected to participate in these training camps. All subjects had repeatedly tested negative for drug use. Prior to the study, each subject was informed of the experimental risks and signed an informed consent document with the approval of his parents/guardians. Complete descriptive data are listed in Table 1 . Relative body fat levels were anthropometrically estimated (Jackson and Pollock, 1979; Siri, 1961) , and one repetition maximum (RM) values for tiL wo competitive lifts (i.e., snatch, clean and jerk) were determined from their best previous competitive performances. The elite status of these individuals is indicated by their previous and subsequent athletic accomplishments: 5 subjects selected to the Junior World Team, 4 Pan-American Games medalists, 5 senior U.S. National champions, and 3 Olympic Team members. The following test battery was administered between 2 and 5 p.m. before and after 1 week of each training camp for both years. Blood samples were obtained at 7 a.m. following a fast of 12 hrs. After an additional 6-hr fast, blood was drawn immediately preexercise and at 5 and 15 min postexercise to determine concentrations of total testosterone (Tes), Cortisol (Cort), the ratio of Tes/Cort, and whole blood lactate (HLa). Blood samples were taken from an antecubital vein via venipuncture using a 20-gauge needle and vacutainers containing either no preservatives (for Tes, Cort) or sodium heparin (for HLa).
The test procedures have previously been described in detail . Briefly, the test session consisted of a set of 15 vertical jumps (1 jump every 3 sec) followed by a 1-min rest/After performing 10 reps at 40% of 1-RM, single repetitions of the snatch lift were then performed every 15 sec with number of sets, number of repetitions, length of rest intervals, or muscle mass involved, can produce considerable differences in the exercise-induced endocrine responses (Kraemer et al., 1990) . The site of action of the endocrine adaptations to chronic resistance exercise is not entirely clear. Functional changes in the hypothalamic-pituitary-testicular or hypothalamic-pituitary-adrenal axes can produce alterations in a number of trophic hormones, resulting in altered concentrations of testosterone or Cortisol (Kraemer, 1988) . Functional changes in peripheral endocrine tissue (e.g., testes), such as secretory or blood flow characteristics, may also contribute to a chronic resistance exercise response . The cybernetic regulatory mechanism of the endocrine system in males suggests hormonal mechanisms may be a site of considerable training adaptations.
Previous investigations have not studied long-term adaptations of acute endocrine concentrations in response to an overreaching stimulus. Therefore the purpose of the present investigation was to determine whether the exerciseinduced serum concentrations of testosterone, Cortisol, and the testosterone/cortisol ratio in response to 1 week of dramatically increased training volumes are altered after 1 year of an elite weightlifting training program, and whether these responses differ from resting endocrine adaptations. the resistance increased by 5 kg after each successful lift. The initial resistance for all subjects was 50% of 1-RM based on their best competitive performances. These were performed until two successive attempts were unsuccessful. After a 3-min rest interval the protocol concluded with three sets of 10 repetitions, with 1-min rest intervals, of the snatch pull exercise performed at 65% of 1-RM for the snatch and at a cadence of one every 4 sec. Figure 1 illustrates the test protocol and Table 1 lists the results of each test session. The test battery was performed before (Test 1) and after (Test 2) 7 days of training, during which training volume was at least doubled for all subjects (2 to 4 training sessions a day). Training programs for all subjects prior to each year of the study were of similar volume and intensity and consisted of 3 to 6 sessions a week, with no subjects training more than once a day. Typical training sessions included exercises such as snatches, cleans, jerks, snatch pulls, clean pulls, front squats, and back squats. Training loads ranged from 70 to 100% of 1-RM for each exercise. The training and test protocols for each year were identical.
Whole blood HLa concentrations were immediately determined in duplicate via enzymatic techniques using a YSI23L lactate analyzer (Yellow Springs, Inc., Yellow Springs, OH). Whole blood for Tes and Cort determinations was allowed , EXERCISE . . to clot at room temperature and was then centrifuged at 1,500 x g for 15 min. Aliquots of the resulting serum were stored at -90°C and thawed only once before analysis. Radioimmunoassays ( 125 I) were performed in duplicate for each hormone. Sample identification was decoded only after analyses were completed (i.e., blinded analysis procedure). Serum Tes and Cort were both analyzed using solid phase radioimmunoassay techniques (Diagnostic Systems, Webster, TX, and ICN Biomedicals, Carson, CA). Intra-assay variances for both hormones were <3.0%, and inter-assay variances were <6.8%. Immunoreactivity values and corresponding hormone concentrations were determined with an LKB-Wallac 1272 Clinigamma automatic gamma counter (Pharmacia LKB Nuclear, Turku, Finland) with an online data reduction system. Exercise-induced plasma volume shifts (change from pre to 5 min postexercise) of < 10% were estimated by the methods of Dill and Costill (1974) .
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Comparisons between Year 1 and Year 2 subject characteristics were analyzed with dependent t tests. Blood variables were analyzed with 2x2x3 (Year x Test x Time) repeated measures analyses of variance. Fisher's protected LSD procedures and dependent t tests were used for post hoc analyses. Significance was at p < 0.05 throughout the investigation.
Results
Physical characteristics (see Table 1 ) were similar for both years. All subjects had already been exposed to more than 2 years of weightlifting training when this study Fry et al, 1992; 1993) . Strength performances did increase despite the lack of increased fat free mass, suggesting that muscle hypertrophy was not the primary mechanism for the increased strength. Although anabolic hormone activity appears to contribute to the performances of male weightlifters (Hakkinen et al., 1987; 1988b) , neural factors can also influence strength gains with weightlifting (Hakkinen et al., 1988b ) and other types of resistance exercise (Rutherford and Jones, 1986 ). These neural alterations can be quite dramatic (Sale, 1992 ) and seem to occur before skeletal muscle hypertrophy is evident (Moritani, 1992 ). This appears to have been the case with the highly accomplished subjects in the present study. The augmented Tes concentrations observed for Test The role of bound versus free Tes in the circulation and its effect on bioavailability must also be addressed in future investigations of this training stimulus. It should be noted, however, that chronic weightlifting training of 2 years has produced no changes in sex hormone binding globulin whereas total testosterone was augmented (Hakkinen, 1988b) 
